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ABSTRACT 



A respiratory gas analyzer for measuring the cardiac output 
of a subject includes a flow meter and an oxygen sensor 
interconnected with one another between a mouthpiece and 
a source of respiratory gases, which may be a controlled 
source or the atmosphere. An oximeter provides measure- 
ments of the oxygen saturation of the subject. A computer 
connected to receive the signals from the flow meter, oxygen 
sensor, and oximeter can then calculate the subject's cardiac 
output. 
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AIRWAY-BASED CARDIAC OUTPUT In its original form, the Fick method of measuring cardiac 

MONITOR AND METHODS FOR USING output requires blood gas values for arterial and mixed 

SAME venous blood as follows: 

This application claims benefit of Ser. No. 60/133,685 5 VQi 
filed May 10, 1999. ' ' = Ca0 2 - Cv0 2 

FIELD OF THE INVENTION , _ . f 4 . 

where CO. is cardiac output, V0 2 is oxygen consumption, 

The present invention relates to measurement of cardiac 10 Ca0 2 is me arterial oxv g en content, and Cv0 2 is the venous 
output of a patient. More specifically, the present invention oxygen content. 

relates to an apparatus and method for non-invasive cardiac B y utilizing a respiratory analyzer with a fast-response 
output measurement of a subject utilizing a respiratory gas oxygen sensor, the cardiac output can be determined based 
analyzer employing a flow sensor, an oxygen sensor, and a on the end-tidal oxygen concentration (EtOJ. End-tidal 
pulse oximeter which are interconnected to measure the 15 oxygen concentration is the lowest value of oxygen concen- 
cardiac output of the subject. tratl0D 1D breath. The end-tidal oxygen concentration 

approximates the pulmonary capillary oxygen concentra- 

BACKGROUND OF THE INVENTION tion ' . t Jtflr 

Alternatively, at different points in time, it is also true that 

U.S. Pat. No. 5,836,300 to Applicant discloses a respira- 20 
tory gas analyzer for measuring the metabolic activity and co - vo m) _ v °2m 

the cardiac output of a subject including a bidirectional flow CaO^D - CvO^d CqO^d - cve> 2 <2)' 

meter and a capnometer sensor interconnected by conduits 

and valving between a mouthpiece and a source of respira- Tf t . nvxrna „ ^„^„ t ,„ t - „ ^ t . . .„ a A nnr , ■ . 

& , . , , ,1 , , It the oxygen concentration or. the inspired gas is tempo- 

tory gases which can be a controlled source or the atmo- 25 rarfl inct6ased Qr decreased the ch in alveolar 

sphere. A computer receiving signals from the flow meter concentration ^n cause a transient u take or release of 

and the capnometer can then calculate the subject s meta- oxygen across the pulmonary capillaries, thereby resulting 

bohc activity. When valving is shifted a portion of the m , ch m ^ meisared v0 and content 

exhaled gases are stored m the conduit so that upon (ao } , f ^ eters are measured durf an interval 
inhalation the subject mhales a substantial portion of 30 oftimelessthan , hecirculationtime(i . e . >lesstnanapproxi . 

rebreathed gases. I he computer can then calculate the mat ely thirty-fifty seconds), then the venous oxvaen content 

patient s cardtac output as a function of the changes in total (Cv0 ) , eve , remains essenliall constanl duri tbis riod 

carbon dioxide content of the exhaled gas before and after and can be removed from ^ ion cardiac 

the valve is shifted from a direct input to a rebreathed u a :~~a u_j n # . „ 

...... , . , , , • , output can be determined based on the equation 

position and the difference in end-tidal carbon dioxide 35 

between the two positions. 

co - tv ° 2 

The cardiac output of a patient, that is the volume of blood ACa0 2 
ejected from the heart per unit time, is an important mea- 
sured parameter in hospitalized patients. Currently, cardiac ™ e A . , ... 

t . . .. , j l * * » i_ ■ i j An I he use oi these novel concepts in combination with the 

output is routinely measured by invasive techniques includ- 40 t , , c r . , c 

• *i_ i j-1 *■ • j ii- i apparatus and method of the present invention therefore 

ing thermal dilution using an indwelling pulmonary artery f. r - , r 

f Li t-u-.i-' u ij-j * • i j- allows for the non -invasive measurement of cardiac output 

catheter. This technique has several disadvantages including iM . . - . , . . r 

*t_ i ■ i j * i*. • i r i ■ * • utilizing measurements of airway eases and arterial oxygen 

the morbidity and mortality risks of placing an invasive f . i_*i_ri_-i_ \_j L . . 

. j- *T • ri t concentrations, both oi which can be done by non-invasive 

intracardiac catheter, the infectious disease risks, significant , . J 

expense and the fact that it provides an intermittent rather 45 " 

than a continuous measurement. A noninvasive, reusable SUMMARY OF THE INVENTION 
cardiac output measurement device would substantially 

improve patient care and reduce hospital costs. The present invention is accordingly directed toward an 

airway-based respiratory gas analyzer for measuring the 

The partial rebreathing technique mentioned above is a 5Q car di ac output of a subject. In a preferred embodiment of the 

known method for cardiac output measurement. As ana i yze r of the present invention, the analyzer includes a 

described in Kapec and Roy, "The Noninvasive Measure- reS piratory connector operative to be supported in contact 

ment of Cardiac Output Using Partial C0 2 Rebreathing," ^ a su5ject so ^ to pass mhaled and exhaled gases ^ {he 

IEEE Transactions on Biomedical Engineering, Vol. 35, No. su5 j ect breat hes. A flow meter operatively connected to the 

9, September 1988, pp. 653-659, the method utilizes well 55 respiratory CO nncctor generates electrical signals as a func- 

known Fick procedures, substituting carbon dioxide for tion of the volume of gases which pass therethrough and, in 

oxygen, and employing a sufficiently short measurement combination with the signals generated by an oxygen sensor, 

period such that venous carbon dioxide levels and cardiac allows for the determination of oxygen consumption (V0 2 ) 

output can be assumed to remain substantially constant by in^^g the flow and oxygen concentration signals 

during the measurement. 6Q ovef an entire breatQ oxvgeD sensor can also prov ide for 

U.S. Pat. No. 4,949,724 to Mahutte et al. discloses a the measurement of end-tidal (EtOj) concentration. An 

method and apparatus for continuously monitoring cardiac oximeter provides measurements of the subject's oxygen 

output by utilizing a modified Fick equation. The Mahutte et saturation, A computation unit receives the output signals 

al. patent replaces V0 2 in the Fick equation by VC0 2 from the flow sensor, oxygen sensor and oximeter and 

divided by a constant representative of the gas exchange 65 calculates the cardiac output based on the generated signals, 

ratio of a patient in order to eliminate inaccuracies associ- An alternative mechanism for performing measurements 

ated with monitoring the rate of uptake of oxygen. of the subject's cardiac output includes the subject placing 
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the mouthpiece of the analyzer into their mouth and breath- 
ing a first oxygen concentration for a first period of time. vo 2 
Typically, the source of respiratory gases is atmospheric air. ' ~ Ca0 2 - Cv0 2 
As the subject breathes, oxygen consumption (V0 2 ) is 

determined as the integral of the flow and oxygen concen- 5 , , , • . 

# .. • ! . ™ . , -j wherein: V0 2 is the oxygen consumed during a breath: 

tration signals over the entire breath. The oximeter provides ~ „ . r . L - . \ 

9 . c . # . r . . CaO, is the concentration of oxygen in the subject s arterial 

a measurement of the subject s oxygen saturation which is . , j j^^-u Jt> . c J . . 

,. r j . i i . .u i * * blood; and CvO, is the concentration of oxygen in the 

utilized to calculate the subject s arterial oxygen content. ' ?. , , . 

Afl . . 4 , J . * , ° 4 . subject s venous blood, which is assumed to be the same as 

After obtaining the measurement of the oxygen consumption i . , , , , . 

/t/^l \ j _* ■ i ^ / .u c * *• the end -tidal oxygen concentration in the exhaled air. 

(VOo) and arterial oxygen content (Ca0 2 ) over the first time 10 * j * j i- r lL 

v . ~ t , li j • i • i Other features, advantages and applications of the present 

period, the oxygen blender is caused to provide an increase . . .„ ' . & . r r i, . j T ., j 

. . • * r * u invention will be made apparent from the following detailed 

or decrease in the airway oxygen concentration of the , . . - . r j u * 

4 - , • i r *• u- u ■ i ,l tL description of the preferred embodiments, 

subject for a second period of time which is less than the r r 

subject's circulation time. The oxygen consumption (VOJ BRIEF DESCRIPTION OF THE DRAWINGS 

and arterial oxygen content (CaOJ are measured over this is 

second time period on a breath-by-breath basis and are Other advantages and applications of the present inven- 

utilized in calculating the subject's cardiac output. tion will be made apparent by the following detailed descrip- 

According to one aspect of the present invention, there is tion of Preferred embodiments of the invention. The descrip- 

provided a respiratory gas analyzer for measuring cardiac tl0n makes reference to the accompanying drawings in 

output of a subject, said analyzer comprising: 20 wmcn: 

a respiratory connector operative to be supported in FIG. 1 is a schematic representation of a first embodiment 

contact with a subject so as to pass inhaled and exhaled of the P resent inventlon i 

gases as the subject breathes; FIG. 2 is a schematic representation of a second embodi- 

a flow sensor operativeiy connected to said respiratory 25 ment of the P resent invention; and 

connector adapted to generate electrical signals as a FIG. 3 is a graph of oxygen concentration over time 

function of the volume of gases which pass there- measured in milliseconds to illustrate oxygen concentration 

through; as recorded with a fast-response oxygen sensor and is also 

an oxygen sensor for sensing the concentration of oxygen illustrative end-tidal oxygen concentration, 

in the inhaled and exhaled gases, to thereby enable a 30 DETAILED DESCRIPTION OF THE 

determination to be made of the oxygen consumed by INVENTION 
the subject during each breath; 

conduits interconnecting said respiratory connector, said Referring to FIG. 1, a preferred embodiment of the 

flow meter, and said oxygen sensor; present invention includes an airway-based cardiac output 

an oximeter for enabling a determination to be made of 35 analyzer, generally indicated at 10, having a mouthpiece 12, 

the concentration of oxygen in the subject's arterial a flow x ^ ^ a JP S sen f° r 1 * ™ e flow ^ nsor 14 and 

blood* and S as ^nsor 16 are disposed in fluid communication with 

a computer for receiving output signals from said flow one anotner * 

sensor, said oxygen sensor, and said oximeter to cal- ^ mouthpiece 12 is adapted to engage the inner surfaces 

culate the cardiac output of the subject without the need « of a user ' s m outh, so as to form the sole passage for flowing 

for sensing the concentration of oxygen in the subject's respiratory gases into and out of the mouth. A nose clamp of 

venous blood conventional construction (not shown) can be employed in 

According to one preferred embodiment of the invention connection with the mouthpiece 12 to assure that all respi- 

described below, the analyzer is used in a two-measurement ratorv S as P^ 5 throu S h the mouthpiece 12. In alternative 

procedure, wherein the computer calculates the cardiac 45 configurations, a mask that engages the nose as well as the 

output (CO.) of the subject according to the following mouth of the user can be employed or an endotracheal tube 

equation: could also be utlUzed ' 

The mouthpiece 12 is located adjacent to a bi-directional 

Avc?2 volume flow sensor 14. The flow sensor is preferably an 

C 0 ' = LCaOi 50 ultrasonic flow meter such as an ultrasonic transit time flow 

meter such as that manufactured by NDD Medizintechnik 
AG, Zurich, Switzerland, and disclosed in U.S. Pat, Nos. 

wherein: AV0 2 is the difference in said consumed oxygen 3,738,169; 4,425,805; 5,419,326; and 5,645,071. Preferably, 

in the two-measurement procedure, and ACa0 2 is the the ultrasonic flow meter transmits and receives ultrasonic 

difference in said arterial oxygen in the two- 55 pulses along a path which is either parallel to or has a 

measurement procedure; substantial component in the direction of the flow. The gas 

and wherein: the two -measure ment procedure involves: flow acts to advance or retard the flow of pulses so that the 

(a) a first measurement of said consumed oxygen and full transit time of the pulses is a function of the flow rate, 
said arterial oxygen during a first time interval, and Alternatively, the flow sensor 14 can be of the pressure 

(b) a second measurement, following a change in the 60 differential type such as manufactured by Medical Graphics 
oxygen content of the inhaled air, during a second Corporation, St. Paul, Minn, under the trademark 
time interval having a duration less than the blood MED GRAPHICS and of the general type illustrated in U.S. 
circulation time of the subject. Pat. No. 5,038,773. Alternatively, other types of flow trans- 
According to a second described preferred embodiment, ducers such as pneumatics or spirometers could also be 

the computer calculates the cardiac output (CO.) of the 65 employed. The electrical output of the bi-directional flow 

subject computer calculates the cardiac output (CO.) of the sensor 14 is connected to a computation unit 20 through a 

subject according to the following equation: conductive line 22. 
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The other end of the flow sensor 14 is connected to the gas with the gas sensor 16. The gas blender 18 is also in fluid 

sensor 16. The gas sensor 16 is preferably a fast-response communication with the atmosphere or a source and sink of 

(i.e. 50--80 millisecond response time), flow-through type respiratory gases. The gas blender 18 can also be connected 

oxygen sensor and is preferably of the fluorescent quench to a ventilator or source of calibrated or known gases such 

type as disclosed in U.S. Pat. Nos. 3,725,658; 5,517,313; 5 as an external oxygen tank 30. The gas blender 18 is 

and 5,632,958. The preferred embodiment can employ a preferably computer controlled and is in electrical commu- 

sensor manufactured by Sensors for Medicine and Science, nication with the computation unit 20 through a conductive 

Inc., Germantown, Md. The electrical output of the gas line 32. That is, the computation unit 20 can transmit signals 

sensor 16 is connected to the computation unit 20 through a to the gas blender 18 in order to modify, mix, or change the 

conductive line 24. The computation unit 20 can include a no composition of the inhaled air passing through the cardiac 

source (not shown) for directing exciting radiation to a output analyzer 10 to the subject. In other words, the gas 

fluorescent coating disposed on the oxygen sensor 16 and blender 18 can be caused to allow an increase/decrease in the 

sensing the resulting fluorescence intensity which is dimin- concentration of airway oxygen for a given or predetermined 

ished as a function of the concentration of oxygen in the gas period of tim e . 

flowing over its surface to produce a direct measurement of is In a further alternative embodiment, the pulse oximeter 26 

oxygen concentration. The exciting radiation and fluorescent can be replaced by a synchronized, side-port sampling 

signal can be carried to the sensor 16 by an optical fiber (not oxygen sensor as is well known in the art. That is, a portion 

shown). or sample of the gases flowing through the analyzer is 

A pulse oximeter 26 can be utilized to monitor oxygen directed via a port to an oxygen sensor, 

saturation by pulse oximetry. The pulse oximeter 26 pro- 20 The analyzer 10 can also incorporate an artificial nose 

vides an output signal which is received by the computation and /° r a bacterial filter as described in Applicant's previous 

unit 20 which is indicative of saturation percentage. The patents or can incorporate a temperature sensor which 

output signal of the pulse oximeter 26 is connected to the provides a signal to the computation unit 20 to adjust the 

computational unit 20 through a conductive line 28. In a measurements as a finction of breath and external air tem- 

preferred embodiment, the pulse oximeter is preferably of 25 perature. 

the type manufactured by Datax-Ohlmeda, Louisville, Colo. In operation, in order to non-invasively obtain a measure- 
Alternatively, for most healthy individuals, the pulse oxime- m ent of th e cardiac output of a subject, the subject attaches 
ter 26 can be omitted and the oxygen saturation can be the pulse oximeter 22 to a suitable portion of their body such 
assumed to be approximately 95-96%. as a finger or earlobe, the subject then places the mouthpiece 
Utilizing the Fick equation, in combination with the 30 12 into their mouth and the oxygen consumption (V0 2 ) is 
airway-based respiratory gas analyzer 10 having the flow determined as the integral of the flow of oxygen concentra- 
sensor 14 and the fast-response oxygen sensor 16, allows for Uon over 1 an 1 en ^ e breath - ^ ar f tenal 1 ox yS en 
the determination of a subject's cardiac output by utilizing concentration is calculated according to the formula: 
measurements of end-tidal oxygen concentration and V0 2 . &o 2 -(SaO 2 )(Hbg)(i.36W0.003i)(PBO 2 ) 
The airway-based gas analyzer 10 allows for the determi- 
nation of end-tidal oxygen concentration (Et0 2 ) as illus- where Sa0 2 is the oxygen saturation measurement obtained 
trated in FIG. 3. If one assumes that Et0 2 «Pv0 2 (dissolved by the pulse oximeter 22, Hbg is the hemoglobin concen- 
venous oxygen concentration in the plasma), then using the tration (which is entered as a known value or obtained by 
Pv0 2 and the hemoglobin concentration, the Sv0 2 can be direct measurement), and Pa0 2 is the dissolved arterial 
determined based on the oxygen dissociation curve. The oxygen concentration. After obtaining a stable measurement 
pulse oximeter 26 can be used to obtain oxygen saturation 0 f V0 2 and Ca0 2 over a first time period of approximately 
movement so that based on the Fick equation of two to three minutes, the gas blender 18 is caused to 

increase/decrease the concentration of oxygen (preferably, at 

co = V ° 2 45 least a 10% chan S e in e -8-> m% increased to 50%) 

Ca0 2 - Cv0 2 supplied to the subject for a second time period less than the 

subject's circulation time of approximately thirty to fifty 

wherein V0 2 is measured by the airway based respiratory f 6000 ^ V0 * and Ca0 * are ™nitored on a breath-by-breath 

are determined according to the basis dunn S this time P enod and the cardiac oul P ut 15 then 

determined. Accordingly, the method and apparatus of the 

present invention take advantage of the phenomenon that if 

c&o 2 -[(SaO 2 )(Hgb)(i.36)+CPaO 2 )(0.003i)] and the oxygen concentration of the inspired gas is temporarily 

increased or decreased, the change in alveolar oxygen con- 

CvO 2 =[(SvO2)(H g b)Ci.36)+(PvO 2 )(0.003i)] ) respectively, centration will cause a transient uptake or release of oxygen 

wherein Sa0 2 is the oxygen saturation measurement 55 " r0SS the pulmonary capillaries thereby resulting in a 

obtained by pulse oximetry, Hgb is the hemoglobin concen- ^ " h he meaSUred V0 * and arter ^ ° Xygen -T " 

* / L> u • j i . & i j » (CaO A If these parameters are measured during an interval 

tration (which is entered as a known value or by direct ; £ 4 . . F . . r . . B 

*\ 1 1-* j-\ • t, • i r >u * less than the circulation time (i.e., less than approximately 

measurement), and Pv0 2 is obtained from the measurement ... , , c -. . * \, * yy t \ 

cr.r\ 1* ' a *iT . i-*^ . ( aA j ■ r> thirty to fifty seconds), then the venous oxygen content 

of Et0 2 . It is assumed that EtCL approximates PvO, and, if k \ i • / i <u i- c i_ 

*u tv ^ i i • i u- * *• i (Cv0 2 ) can be ignored and the cardiac output of the subiect 

the Pv0 2 and the hemoglobin concentrations are known, 60 v , 27 , , . & , , , 4 , v J 

iX ~ . o ^ u j . can 06 calculated based on the equation 

using the oxygen dissociation curve, Sv0 2 can be deter- M 

mined. The pulse oximeter 26 measures Sa0 2 (alternatively, 

Sa0 2 and Pa0 2 can be reasonably assumed). c.o. - 2 



equations 



ACo0 2 



Referring to FIG. 2, in an alternative embodiment of the 
present invention is shown wherein like numerals represent 65 

like elements among the embodiments, a gas blender 18 is In view of the teaching presented herein, other modifica- 
disposed directly adjacent to and in fluid communication tions and variations of the present invention will readily be 
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apparent to those of skill in the art. The discussion and 5. The analyzer of claim 1, wherein said oxygen sensor is 

description are illustrative of some embodiments of the a fluorescence quench oxygen sensor. 

present invention, but are not meant to be limitations on the 6 nG analyzer of claim 1, wherein said oxygen sensor is 

practice thereof. It is the following claims, including all a side _ port samp i m g oxygerj se nsor . 

equivalents, which defines the scope of the invention. < ^ tt,^ i ci -i l • j 

What is claimed is: 5 7. The analyzer of claim 1, wherein said respiratory 

1. A respiratory gas analyzer for measuring cardiac output C °° n ^ t ° r ^ f moul j 1 P^ ece - 

of a subject, said analyzer comprising: 8 nc an alyzer of claim 4, wherein said flow sensor, said 

a respiratory connector operative to be supported in oxygen sensor, said oximeter, and said gas blender comprise 

contact with a subject so as to pass inhaled and exhaled 1Q a mechanism for transferring output signals therefrom to 

gases as the subject breathes; said computer, 

a flow sensor opera tively connected to said respiratory 9 - T° e analyzer of claim 8, wherein said mechanism 

connector adapted to generate electrical signals as a comprises a conductive line. 

function of the volume of gases which pass there- 10. The analyzer of claim 4, wherein said gas blender is 

through; operatively -connected to a source of respiratory gas. 

an oxygen sensor for sensing the concentration of oxygen 11. The analyzer of claim 10, wherein said source of 

in the exhaled gases; respiratory gas is the atmosphere, 

means for determining the concentration of oxygen in the 12. The analyzer of claim 10, wherein said source of 

inhaled gases and generating a signal representative of respiratory gas is a source of oxygen. 

b h rLt°h Xy8en C ° nSUmed by thC SUbjeCt during CaCh 20 13. A method for non-invasive cardiac output measure- 

, . \ . . , ment of a subject, said method comprising the steps of: 
conduits interconnecting said respiratory connector, said 

flow meter, and said oxygen sensor; ( a ) determining oxygen consumption of a subject; 

an oximeter for enabling a determination to be made of (b) determining end-tidal oxygen concentration of the 

the concentration of oxygen in the subject's arterial subject; and 

blood; and ( c ) calculating the cardiac output of the subject based on 

a computer for receiving output signals from said flow the oxygen consumption and the end-tidal oxygen 

sensor, said signal representative of the oxygen con- concentration determined in steps (a) and (b). 

sumed by the subject during each breath, and said 14t ^ c me thod of claim 13, wherein the cardiac output 

oximeter to calculate the cardiac output of the subject (c Q } is calculated according to the following equation: 

without the need for sensing the concentration of JU 
oxygen in the subject's venous blood. 

2. The analyzer of claim 1, wherein, in a two- c.o. = JrvO 
measurement procedure, said computer calculates the car- a 2 ~ v 2 
diac output (C.O.) of the subject according to the following 

equation: 35 wherein: V0 2 is the oxygen consumed during a breath; 

Ca0 2 is the concentration of oxygen in the subject's arterial 

c.o. = AVOz blood; and Cv0 2 is the concentration of the oxygen in the 

ACa °2 subject's venous blood and is determined in accordance with 

the equation 

wherein: AV0 2 is the difference in said consumed oxygen in 40 

the two-measurement procedure, and ACa0 2 is the differ- Cv O: HSvO^Hbg)(i.36M0.003iXP^ 

ence in said arterial oxygen in the two-measurement proce- . _ ^ . 

j wherein Sv0 2 is the oxygen saturation, Hbg is the hemo- 

j u ■ *u * * i*i globin concentration, and PvO-, is the dissolved venous 

and wherein: the two-measurement procedure involves: , , . .... . . , 

/ . a t . r • 1 1 , 45 plasma oxygen and is assumed to be the determined end- 
fa) a first measurement or said consumed oxygen and f. . . ^ 4 4 . ~, ,. 
•j • 1 j c * *• • * 1 j tidal oxygen concentration of the sum ect. 
said arterial oxygen during a first time interval, and Ja J 

(b) a second measurement, following a change in the 15 ^ method of claun 14 > wherein arterial oxygen 

oxygen content of the inhaled air, during a second content » determined in accordance with the equation 

time interval having a duration less than the blood 

circulation time of the subject. 50 CaOHSaO 2 )(i ft g)( 1 .36 W PaO 2 )(0.003i) 

3. The analyzer of claim 2, wherein said computer cal- , . „ ~ . 4t _ _ . . . „, . . 
l4 * • * f.u u- * j ■ . wherein SaO-> is the arterial oxygen saturation, Hbg is the 

culates the cardiac output (C.O.) of the subject according to . . ,. 2 . , . . ' , & 

the following equation: hemoglobin concentration, and Pa0 2 is the dissolved arterial 

oxygen concentration. 

vc?2 55 16. A method for non-invasive cardiac output measure- 

c o ' ~ Ca0 2 - CvOi ment °f a subject, said method comprising the steps of: 

(a) determining oxygen consumption and arterial oxygen 

wherein: V0 2 is the oxygen consumed during a breath; ?> ntent of a sub J ect over a first time inlerval and for a 

Ca0 2 is the concentration of oxygen in the subject's arterial 60 first ox ^ en concentration; 

blood; and Cv0 2 is the concentration of oxygen in the ( b ) changing the oxygen concentration breathed by the 

subject's venous blood, which is assumed to be the same as subject for a second time interval wherein the second 

the end-tidal oxygen concentration in the exhaled air. time interval is less than the circulation time of the 

4. The analyzer of claim 1 further including a gas blender subject; and 

operatively connected in fluid communication with said 65 (c) calculating the cardiac output of the subject based on 

conduits for changing the concentration of the oxygen in the the relative change in both oxygen consumption and 

inhaled gases. arterial oxygen content determined in steps (a) and (b). 
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17. The method of claim 16, wherein the cardiac output 
(CO.) of the subject is calculated according to the following 
equation: 



CO. = 



ACa0 2 



wherein AV0 2 is said relative change in oxygen consump- 
tion and ACa0 2 is said relative change in arterial oxygen. 

18. The method of claim 16, wherein said first time 
interval ranges from approximately one to five minutes. 
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19. The method of claim 18, wherein said first time 
interval ranges from approximately two to three minutes. 

20. The method of claim 16, wherein said second time 
interval ranges from approximately twenty seconds to sixty 
seconds. 

21. The method of claim 20, wherein said second time 
interval ranges from approximately thirty seconds to fifty 
seconds. 

22. The method of claim 16, wherein the oxygen concen- 
tration in step (b) is increased from approximately 40 
percent to approximately 50 percent. 
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